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NOTICE 

This report was  prepared as an account of Government-sponsored work. 
Neither the United States, nor the National Aeronautics and Space 
Administration (NASA), nor any person a c t k g  on beha2.f of NASA: 

a. Makes any warranty or representation expressed or implied 
with reerpect t o  the accuraay, completeness, o r  usef'ulneaer 
of the informetion contained i n  t h i s  report,  or that the 
use of any information, apparatus, method, o r  proceea 
dieclosed in this report may not infringe pr ivately-med 
rights; or  I 

b. Assumes a,ny l i a b i l i t i e s  with respect t o  the use o f ,  or  for  
damgee resulting from the uae of any inf'ormation, gPBaratw, 
method, or proce$e disclosed in t h i s  report. 

As used &me, "person acting on behalf' of NASA" includes any aplcryee 
or contractor of NASA, or employee of such contractor, t o  the extent 
tha t  such employees or  contractor of a, or  employee of such contractor 
prepxres, disseminates, or provides access to, any information pussuant 
t o  h is  employment o r  contract with NASA, o r  h i s  employment with such 
contractor. 

Requests f o r  copies of th i s  report should be referred to:  

National Aeronautics and Space Administration 
Office of Scientlfic and Technical Information 
Washington 25, D. C. 

Attention: AFSS-A 
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IIVTRODUCTIOlV 

This report is presented i n  two parts; Part I gives the progress obtained during 

t h e  quarter from April 1964 to June 1964,and Par t  I1 explains the progress in 

the following quarter from Juiy 1964 to Septeniber 1964. 

1.0 through 5.0 and Part I1 consists of sections 6 .0  through 8.0. 

1.0, Project Objectives, applies to both parte, it is not; repeated in  Part 11. 

Also, section 5.0, Planned DFrection of Effort for the July-Septeniber quarter, 

applies to both parts and i s  not repeated. 

Part I includes sections 

Since sectlon 
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1.0 PROJECT OBJECTIVES 

The Brayton cycle cavity receiver develupmnt program CLS presently planned consists 

of three phases. Phase I is  being performed currently and feature6 both a design 

study of the  full-scale flightweight unit  and a material compatibility investiga- 

t ion with l i t h ium fluoride as the  corrosive 8aJ.t. 

consist of construction and ground t e s t  of the  flightweight unit. 

planned (ks the endurance test of the flightweight unit. 

the program is t o  demonstrate a one yeex enaurance capability of the flightweight 

Phase I1 is  contemplated t o  

Phase I11 I S  

The ultimate objective of 

W i t  in 8, mound teste 

1 
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2.0 PROJECT OBJECTIVES FOR THE REPORTING PERIOD OF APRIL 1, 1964 THROUGH 

JUNE 30, 1964 (REF'EATED FROM THE PREVIOUS QUARTERLY REPORT) 

During the  quarter from A p r i l  through June, e f f o r t  will be directed towaxds 

accomplishing these tasks: 

1. Continuation of the first 25OO-hour furnace test. 

2, Examination and analysis of the two TD nickel capsules removed 

a f t e r  the  t h i r d  interruption. 

3. Continuation of discussions with NASA on additional corrosion 

t e s t i n g  and on additional work requested f o r  the design study. 

2 
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3.0 PROJECT PROGRESS DURING THE RFPORTING PERIOD 

3.1 The I n i t i a l  Furnace Test 

The i n i t i a l  furnace test, which hadbeen scheduled fo r  2500 hours, continued 

during the reporting period. 

W ~ L B  mutudly agreed by TRW and NABAto contlnue the test u n t i l  5000 hours or  

a failure occurred. 

ha8 been accumulated. 

capsules have been exposed t o  fu13 test time. 

capsules have 672 hours less, or a to t a l  test tSne of 3526 hours. 

4198 hours of test  time, a23 hours have been accumulated since the last failure. 

In view of the three previous interruptions, it 

Ae of miblght June 30, a t o t a l  of 4,198 hours of tasting 

The H w e s  25, Hapes 56, Hastelloy X and TD N i c k e l  

The Hastelloy N and Waspalloy 

Of the t o t a l  

The heating cycle has averaged1.009 hours per cycle. 

averaged 0.503 hours per cycle. 

The cooling cycle has 

The project schedyle for Task II:, the  i n i t i d .  materials corrosion investigation, 

i s  shown i n  Figure 1. The t e s t  i s  continuing. 

3.2 Bramination and analysis of  Failed TD Nickel Capsules 

As was stated i n  the t u r d  quarterly progress report, ER-5905, the third interntp- 

t ion  t o  the scheduled 2500 hour test occurred at 2l75 hours. After t h e  interrup- 

t ion the capsules were examined using dye penetrant, fluorescent penetrant, and 

radiogrgphic methods. On the basis of the  radiogpqhs, two capsules appeared: t o  

be probable failures and were removed from the furnace. 

TD nickel, nos. 17 and 20. 

These capsules were of 

Capsule l.7 had both welded end caps and longitudinal 

seam welds. 

open and visual examination indicated that capsule no. 17 had definitely le&ed. 

The inside tube wall wound the longitudinal seam capsule was  discolored. 

evidence of corrosive attack t o  the weld bead, which was Rene 41 material, was 

Cecpsule 20 had brazed end plugs. Both of these capsules were cut 

Also 

3 
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found. The tube w a l l s  of caprule no. 20 looked absolutely clean. 

Metallographic examination of specimens removed from capsule no. 17 revealed a 

leaahing type of attack on the weld bead. 

maximum of 0.020 inch. 

This attack ranged i n  depth up t o  a 

The exact point of fa i lure  w a s  not located. The TD nickel 

qppeaxed t o  be relatively uneffsoterd. 

ExeminUtlon of the tube wall. of cgpmii.e no. 20 revealed negligible attack, although 

the b r a e  f i l l e t  wound both end plugs @peared t o  be corroded. 

in the form of leaching and depletion, 

The attack xa8 

The meximum depth of attack was agproxi- 

mately 0,020 inch. 

braze f i l l e t s  on ei ther  end plug, 

However, no evidence of c q l e t e  penetration was found on the 

Although the braze f i l l e t s  on t h i s  capsule 

suffered attack, the conclusion was drawn that  this capsule did not leak. 

In addition, several samples of failed capaules were submitted f o r  electron micro- 

probe analysis t o  determine the composition of a second phase tha t  w a s  found 

within the grain boundasies, The specimens submitted f o r  analysis were taken 

from the  following cqsulee:  

1. Capsule No. 2, Rene 41 

2. Capsule Eo. 5 ,  Rene 41 

3. Capsule No. 10, UdSllet 500 

4. Capsule NO. 20, TD N i c k e l .  

A complete status report  of the capsules p*aced on t e s t  was presente 

page 31, of the Third Quasterly Progress Report, ER-5905. 

5 

i n  Table I, 
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3.3 Discussions wi th  NASA on Addition& Work - 
During t h e  reporting period, discussions and negotiations were conducted with 

NASA t o  specify additional work needed i n  t h e  design study phase of t h e  

receiver/heat storage unit. devedqaent program. The addl t iond work negotiated 

Included t h e  following item: 

1. ‘Iiaak I I X  - Additional Corroraion Test6 

2. Amenbent No. 4 - Additionell 9maJ.l Scale Experiments 

3~ Task IV - New Concept Design and Cavity Surface Temperature Distribution. 

The effective etart ing date for Taek I11 was June 1, 1964, The starting date for 

the other items above I s  JiiLy 1, 1964, Thus, during t he  f i rs t  reporting period, 

work was perfomd on Task III only, The project sched.ule f o r  Task 111 $3 pre- 

sented i n  Figure 2. 

A& shown in Figure 2, the effort has been devoted t o  ordering of materld ad 

fabrication, The statu8 of the varioxs S t a s  aR of 30 &ne 1964 is as follotrfi: 

1. Capsule Materials, 

Fabrication of the forty capsifiea required has been propamin3 duxlna 

t he  month. Their status i a  aa follown: 

Material on Hand 
Capsules Maahined 

Heat Treat 
Cleaned 
Wel.ded 
Heat Treat 
Radiograph 
Cleaned 
Loaded 
Sealed 

X 
X 
X 
X 

X 
X 
X 
X 

6 

X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
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2. Capsule Protection Tubes. 

All of the materia3 f o r  the outer protection tubes has been received 

except fo r  the 3/4 inch 3 6  stainless s t ee l  tubing. 

on Jdy 3. 

The tubing is  due 

3, Lithlum Fluoride, 

Construction of the container fo r  the l i thium fluoride i e  progressing. 

The container ehould be ready fo r  shipment by July 10. 

the welds on the container w i l l  be leak tested under both vacuum and 

helium pressure. 

Before Bhipmnt, 

4. Capsule m a c e s ,  

Both furnmes have been checked out and are ready t o  operate. The only 

maintenance required w i l l  be the replacement of thermocouples and Globar 

heatlng elements. 

staxt. 

This w i l l  not be done un t i l  the tests axe ready t o  

5. Capsule Container, 

Two containers have been fabricated. 

the capsule hanger tubes, 

The only work l e f t  i s  t o  weld i n  

This should be complete by July 10, 

6. Leak Detection. 

The conductivity controllers and aonductivity ce l l s  are on order. 

cel ls  should be received by July 6. 

i s  August 3. 

fbnaces so t h a t  the o d y  work l e f t  w i l l b e  t o  attach the leads fram the 

cells t o  the controllers. 

The 

The delivery date f o r  the controllers 

Once the  c e l l s  are received, they w i l l  be mounted on the 

7. Vacuum Chamber. 

The materials f o r  the vacuum chamber are on order, 

8 
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1 .  
4.0 

No problem areas exist as of 1 July 1964. 

CU€W,NT PROELEM AREAS AS OF 1 JUGY 1964 

9 
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5.0 PLANNED DIRECTION OF EFJ!ORT FOR THE QUARTEXLY PERIOD FROM 1 JULY 1964 

THROUGH 30 SIEWMETB 1964 

During the period from 1 July 1964 to 30 September 1964, the effort wu1 be 

directed toward accomplishing these tasks: 

1, Campletion of the furnaces test in Task 11. 

2. Initiation of both f'urnme teats in Task 111. 

3. S t a r t  of the testing under Amendment Bo. 4. 

4. Preliminasy receives design to the new specifloations of Task IV, 

5. CaLculation of the bath variable theraal resistance for the cadty 

surf'ace temperature didxibution in Task XV. 

6 ,  Control deeign anaJYsi0 for the qerture control mRahanierm in Task ITc .- 
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1 .  
6.0 PROGRESS DURING THE PERIOD FROM 1 JULY 1964 t o  30 SEPENEER 1964 

The technical progress achieved during the  above reporting period is  presented 

f o r  each of t he  task categories currently i n  operation. 

1 
These tasks a m  t h e  

I 
I 
1 
I 
I 
1 
iI 
I 
I 
I 
I 
I 
I 
I 

following : 

Task I1 - Material Corrosion Testing, One Furnace 

Task I11 - Additional Material Corrosion Testing, Two Furnaces 

Amendmc4nt 4 - Additional Small Scale Experiments 

Task ZV - ltwo Percent Pressure Drop Design, Aperture Control Analysis 

and Cavity Temperature Distribution, 

6.1 Task I1 Progrees 

The project  schedule f o r  Task I1 is  shown i n  Figure 1 f o r  1 July 1%. 

t i m e  t he  remaining activities included completion of the scheduled 5OOO-hour 

furnace tes t  and evaluation and analysis of the  tes t  capsules. 

direct ion t o  terminate the h r n a c e  test on Monday, July 20, 1964 w a s  received 

from the NASA Lewis Research Center. 

began a two-week plantwide vacation shutdown on t h a t  date. 

electrical power was  t o  st? off for 24 t o  72 hours t o  permit annual e1eetrica.l 

power system main%enanee. 

preferable t o  terminate the  t e s t  a t  4661 hours rather than cool down t o  rom 

temperature and reheat again when elelctrjicezl power was  available. 

heating time f o r  t he  cycles i n  the 4661 hour test was L O 1  horns per  cyde.  

The average cooling time fo r  t h i s  test  was 0.496 hour per cycle, 

A t  that 

Formal teohnical 

The Tapcs P l a t  of Thompson Rams WooldrEdge 

I n  addation, a3L1 

In  view of t h i s  sitxaation, NASA decided tha t  it was 

!Phe merage 

After the test was  terminated and the  capsules removed from the  test  containerp 

the M A  ProJect Manager selected s l x  capsules t o  be sectioned and examined 

metallographically. The remaining eight c q s u l a s  containing l i th ium f luoride 
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plus an empty control c-sule were t o  be included i n  the first furnace tes t  of 

Task 111, 

September 30 have been exposed t o  634 hours of additional tes t  t i m e ,  

capstiles removed and sectioned 858 l isted i n  Table I. 

sules now being tested under Task I11 are l isted in  Table I1 which also includes 

t h e  new capsules placed xn the test container, 

These nine capsules are being tested under Task I11 and as of midnight 

The six 

The remaining nine cap- 

The resul ts  of the examination of specimens removed from test ai1 s 4661 hours 

are listed i n  Table 1, Except for Waspaloy Capsule No. 28, the attack experi- 

enced wae limited t o  surface roughening and l igh t  depletion t o  the depth8 indi- 

cated i n  Table I, 

presented i n  Figurea 3 through 8. 

Photomicrographs i l lus t ra t ing  the  attack experienced are 

I n  Figures 5 through 7, (Hastellcry X Capsule No. 24, Haynepl Allloy No. 56 Capsule 

No 25, and Hastelloy N Capsule No, SO), the surface of the  specwen removed 

f r a t h e  bottom of each capsule is shown i n  both the etched and unetched condition 

AU, Lhree a l o y s  showed t h e  prelsence of a second phage i n  t h e  unetchedk condrtlon 

Upon etching t h i s  phase tended t o  over-etch and created t h e  appearance of a 

heavier attack than what occurred, 

Figure 8 shows the appearance of the surface of the specben removed from the  top 

of Waspaloy Capsule No, 28 sn both the  etched and unetehed condftfon. 

t h e  capsule wdl suffered a light leaching attack t o  a maximum depth of 3 mils 

and depletion t o  a maximum depth of 5 mils, 

heaviest attack occurred i n  t h e  region that, because of the change in volume d t h  

temperature, was i n  contact with lithium fluoride only during the hottest  portfon 

of the temperature cycle. 

capsule, which was i n  continual contact wfth t h e  l i th ium fluoride, showed 

As shorn, 

The most unusual point i s  t h a t  t he  

The apeclnaen that w a s  removed Trom t he  bottom of the  

12 
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essenti;t.ly t h e  same type of 

mils, respectively% 

Four c q s u l e  apec’irm3ns taken 
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attack except t he  depths were lunited t o  1 an8 4 

from previourly f si led c q s u l e s  were subrmtted 

fo r  electron rmcrqrobe analysis, 

are shown in Table I11 and are dxscussed below 

The results of: the ana3ysis of the  specimen< 

Rener 41 Capsule 2, Section 3 -. 1327 hours 

Wtallographic examination reveaied a l igh t  attack i n  the  form of‘ leach-hg to a 

depth of 0,001 inch. The results of t h e  microprobe indicated a l igh t  depletion 

type of attack t o  a mtxsmum depth of 0,004 inch. 

of ahminum, nickel and titanium were found t o  be r e l a t ive ly  lower and t h e  con- 

centrations of molybdenum, cobalt and chranium re l a t tve ly  higher within the 

0 OQk inch surface band compared t o  the normal matrix. In addition, the micro- 

probe results indlcated the  presence of t i tanbun and aimunum-rich prec ip i ta tes  

within t h i s  0.004 inch band, 

In general, the  concentrations 

Bene; 41 Capsule 5, Section 3 . 672 hours 

MetdlQgraphic examination of t h e  specilrmens removed from t h e  capsule revealed 

atteak i n  t h e  form of leeching and depletion t o  depths from 0,001 inch at the 

top t o  0,005 inch art; the bottom, 

present i n  the grain boundaries of the s p a m e n  removed from the top of the 

capsule, 

probe andysis of t h i s  specimen revealed compos3tional changes t o  a depth of 

0.008 ‘inch? I n  general, as shown i n  Table 111, the concentrations of a;luminum, 

nickel,  moi3bdenum and titanrum were lower and the concentrations of cobalt and 

chromium r e i a t ive ly  higher within t h i s  region as compared t o  t h e  matrfx. 

However, there  appeared t o  be a second phase 

This grain boundary effect appeared t o  a depth of 0,009 inch, Mcro- 

16 
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A di6crete poirlt-analyels was conducted on the second phaee f o t d  within the 

grafn boundarges. 

contained same turigstcn, 

Thi8 phase w88 found t o  be enriched i n  molybdenum and also 

The nominal composition of the phase is shown i n  

Table  III, 

tungsten and chromium substitute fo r  molybdenum and titanium and cobalt sub- 

s t i t u t e  fo r  nickel, o r  it maybe a carbide of t he  &C type. 

In general, the phase appetvrs t o  be e t h e r  of the MOM type &ere 

Udinu?t 500, Capsule 10, Section 2 - 1327 houre 
Previous examination of the  specimen revealed aleaehing type! of attack to a 

maxlmcrm depth of 0.004 inch. The resul ts  of the microprobe analysis on this 

specimen revealed ccmpositional changes t o  a maximum depth of 0.008 inch. 

general, within t h i s  region, the concentration of titanium and aluminum were 

In 

found t o  be slightly lower and the concentration of molybdenum, cobalt, chromium, 

iron snd nickel relatively higher aa campared t o  the normal matrix. 

In addition t o  the leaching attack incurred, the presence of a second grain 

boundary phase was noted i n  the epecimen. This phase appeared t o  a n&XWmS. 

depth of 0.002 inch, 

ahuinum and titanium. 

Analysis of t h i s  phase indicated it t o  be enriched i n  

During the analysis, the phase fluoresced an incandeecent violet ,  

of fluorescence is typical of oxides. 

This type 

TD Nickel Capsule 20, Ekction 4 - 23.75 hours 

Previous metallographic examination revealed attack in the form of surface 

roughening and p i t t i ng  t o  amaxbum depth of 0.001 inch. The micruprobe analy- 

sis reveaed no significant changes i n  composition for either nickel or thorium 

f r o m  the matrix out t o  the  surface. A constant value of 1.5 w/o thorium was 

18 
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noted throughout t he  senrple. 

t he  sample. 

of oxides, 

A n  incandescent violet; fluorescence was noted i n  

As diacusaed before, t h i s  fluorescence is indicative of t h e  preserce 

From the  r e su l t s  obtained, there is some indication that leaching of aluminum, 

titanium, nickel and, i n  one c w e ,  molybdenum has occurred. A t  t h e  present S,ime, 

tt is fel t  that there is  not enough data available t o  be specif ic* 

camposition changes tha t  occurred i n  the specimens could have reaulted from 

metallurgical changes such as precipitation af Intermetall ic compounds. 

i n  the light of the  above results, further studies a n  being conducted In  an 

attempt t o  detenuine if  t h e  chemistry changes are  the reauit of corroaive attmic. 

Three more specimens are being submi-ttecl f o r  microprobe analysiB. These apeci- 

-118 a m  fsom TD Nickel Capsule No, 19, Hustelloy X Capsule No. 24 and Waspaloy 

Capsule No. 28. Also, the lithium PLuorlde f?om t h e  capsules is being analyzed 

spectrographically t o  determine the prese -ice of metallic corroaion prodircffl 

Part  of t he  

RmveP9 

6.2 Ta& I11 Pr0gres.s 

The proJect schedule f o r  Task 1x1  LE sh2wn In Figure 2 as of L July 196&, 

indicated i n  Figure 2, the aperatiion c f  -%mace number 1 was scheduled t o  s t c r ’ ~  

As 

on or about 1 August, 

it became impossible f o r  T R W  t o  oSCJ8-Sn %he cont:*ectudly specified 1 P t h h m  

However, a snag d a - w b p d  i n  the capsule preparaC,For, a.3 

fluoride+ An al ternate  source of pnff‘ie2 1,fthiuni f luortde was locat,& m-3 

r e l i e f  requested from the contractual requirement, 

NASA on 12 August and authority given t o  ?rocure purified 1 i th t .m  fluwide 'Drab 

the  Harshaw Chemical Company, 

Harshaw is as follows: 

Tihe relief was granted b-: 

The an&~-ais 05 -:he l i th ium f luoride awarding 
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r n * i t Y  
Fe 

Al 

C a  

Mn 

si 
cr 

N i  

Quantity 

1 PPm 

1 P P  

1 PPm 

1 PPm 

1 Ppm 

Not detected 

Not detected 

Harshaw is  not equipped f o r  sulfur, water and hydrogen fluoride analys8s but 

offered the following comments : 

1. 

2. 

Water and hydrogen fluoride should be n i l  since there is  no absorption 

in the  i-a-red spectra at t h e  points whem these compound8 would 

appe-. 

Sulf’ur may or m a ~ r  not be present in  minute quantities. 

absorption in  the infra-red spectra at t h e  pBint where sulfur would  

appear, but the hydrostylion a lso  causes &sorption at the  same point. 

Harshaw feels  tha t  t he  absorption is more likely caused by hydroxyl 

than by sulf’ur but would not make a claim past t h i s  point. 

There i s  

Three pounds of lithium fluoride of 99.96 purity were received from the  Harshaw 

Chemical Company on 24 August. 

t o  a drybax under a vacuum of 10-3 mm Hg at a temperature of 120°C. 

needed for  t h e  first f’urnace tes t  of Task 111, l is ted i n  Table 11, were loaded 

w i t h  l i t h ium fluoride i n  the above dry box under argon cover gas of 99.998$ 

purity. 

This material is stored i n  a vacuum oven attached 

The capsules 

After loading the top end cap w a s  welded t o  the capsules and t h e  ccqTsules 

20 
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sealed in mother -barn with the same type of c m r  gas, Each of the t ea t  

capsor%e were enclosed in em 3 6  stainleers s tee l  container which 'wts (p8 a ehlald 

t o  proteat the t e s t  aqsulss from external fluoride attarrk when another cegpsule 

falls, The new t e s t  crqpsules wtththe3.r stainlees steel shields and the nlna 

capsules fma the furnace t e s t  of Task I1 were mounted 'in the conventional 

R a w S l l o y  X t e s t  container, the container sealed and inserted in the furnare. 

The test was started on 4 Sept&ber 1964 and l e  scheduled ar( a 5OOO hour test, 

Aer of midnight on 30 Septaiber, 634 hours of testing time had elapsed, The 

average heating tlm wam 1.5 hours per cycle, and the average oooling tlme waa 

0.52 hour per cycle, 

The four alloys i n i t i a l ly  inserted in the furnace t e s t  of Task If have a COmblned 

tes t ing t h e  of 5295 hours, 

have a caplbined testing t ime of 4623 hours. 

'phe two alloys inserted a t  the end of 672 hours 

The second furnace test of Task I11 wae scheduled t o  a t a r t  on or about 1 September. 

The lack of purified lithium fluoride delayed the start of t b i s  furnace test also. 

The capSrrEe6 t o  be tested were prepared according t o  the contract specificatlone, 

but fmml direction to ohenge the type of capsules was received on 22 September. 

A t  the time of receipt of the change, It w a s  estirmsted that the second t e s t  would 

start l a t e  In September, 

the second furnace tee% Kill st& in mid4Wvember, The status and revised 

c q s u l e  lineup for  t e s t  number Slof Task I11 is  listed U3 Table IV. 

Ae a result of the change, It I s  now ea tha ted  t h a t  

6*3 

The obdeative of the work ef'fort specified In Amendrmmt 4 l e  t o  proride abditlonaL 

&%a on the lieat *ut an4 heat releaee chsmmteristias of lithim fluoride, Five 

additional modules are t o  be conemeted and tested. Also, two dump1cg modules are 
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defined whose purpose is t o  permit a t e s t  demonstration of controlled freezing 

patterns prior t o  testing the  laet t w o  modules. 

i n  Table V.’ sOx:. 

The modules required are listed 

0 
I 
1 
I 
I 
I 
I 
I 
i 
I 
c 
I 
I 
B 
I 

The material for conetrurrtlon of all moUulee l e  Haynee Alloy 25. 

The project schedule for the Atwndprsnt 4 work l e  presented i n  Figure 9. m o r  

to the stert of ftibricatlon, a fonaral test plan for modules A, B and C waa pre- 

pared and submitted to IWA for a p p r ~ ~ ~ a l .  @mal waa granted eubject t o  the  

addition of two thermoacmplse near the edges of the top and bottan plates. !lM 

purpose of the additional thermocouples l e  t o  get a better idea of the them 

gradients ia the top and bottom plates. Figure 10 is a photograph of module A 

just prior  t o  joining It t o  the fluoride loading hopper. 

wells on the top end battan plates required by loAsA can be observed. 

The added thennocouple 

Figure ll is a photogrqph of the test assembly prior t o  the inste;llation of the 

M h - K  insulation. 

the hopper heater reflector, the hopper f i l l  port (the larger flange) and the 

hopper view port can be reedily Identified. 

include the hopper-moaule w o r t  frame, the naln outer support frame (with the 

Harinite sheets attached) and the rotating fixture. Anather view of the  test 

The module and loading happer, the module heater reflector, 

Other parts in the photograph 

assembly after most o f  the high temperature insulation was installed l e  shown 

i n  figure 12. Figure 13 share the teat assembly rotated on i t a  side In the 

position for the in i t ia l .  melting and eubsoquent tranafeir of the lithium fluoride. 

The top plates of modules B and C are presented in Figure 14 aFter the nickel 

f i n s  were brazed the first time. Close e%Alainatlon of the brazed joints 

revealed t ha t  the brate material did not flow cqp le t e ly  under a l l  of the fins 

24 
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t o  give acceptable f i l l e t s  on both sides. 

t ion was performed and t h e  completed plates  were examined and approved by the 

NASA Project Manager. 

and as of 30 September both module B and module C are ccmq?lete i n  the same condi- 

t ion as module A was f o r  Figure 10. 

Consequently, a second brazing opera- 

These plates have been aatsembled into the  two modules 

Several last minute fabrication diff icul t ies  caused a eahedule slippage of one 

week, 

week, making a t o t a l  slippage of two weeks In t he  schedule, 

Rig instal la t ion and shakedown problems caused a m h e r  slippage of one 

The tes t ing  of modulo A w a s  ini t ia ted on 10 September and is  complete as of 

30 September, 

from the test r i g  until the  test results are available and can be verified as 

Data reduction is i n  process and the module Kill not be removed 

V a l i d ,  

One of maay r i g  problems which were encountered during the  test program was an 

air leak into the system, 

becoming l e s s  effective as the test continued. 

under a vacuum w r e  abmdoned i n  one ser ies  of tests, and argon cover g U  was  

Introduced. The test w a s  l a t e r  stopped, the bulk insulation removed and the 

system sniffed fo r  leaks when argon gas was i n  the 8ystern, 

the f i l l  port flange was looee and a leak was detectea at the  r ing Joint. 

considerable emount of scale waa observed i n  the hupper and on the thermo@oqle 

wells attached t o  the  f i l l  port flange. 

port  and flanges and i l l u s t r a t e s  the type of scale encountered, 

the  fluoride transfer tube indicated scale or  foreign matter adhering t o  %ha 

sides of the  transfer tube. 

It was known that the  vacuum on tho sys tm w a s  

Finally, all attfylrpts t o  operate 

One of t he  bol ts  on 

A 

Figure 15 is a closeup view of the fill 

Efamination of" 
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6 * 4  Task N Progress 

The Task IV work effort consists of three parts: 

1. Two percent allowable gas pressure drop f u l l  scale cavity 

receiver design.. 

2. Aperture control ana'Lysie, 

3-  C'avfty temperature distribution. 

Each of these par ts  will be discussed i n  order, 

Task IX is shown In  Figure 1& 

The project schedule f o r  

6.4-1 Two Percent Pressure Drop Des* 

During the  first portion of the design study, 1.t was shown tha t  a f u l l  ecale 

receiver design a t h  a twa percent allowable gas pressure drup was p o t e n t i d l y  

possi'ble. The weight penalty a8 indicated by Figure 16 of the  th i rd  quarterly 

progress report, ER-5905, w a s  relatively mild, On t h i s  bmis, NASA directed that 

a d e s i p  should be made f o r  t h i s  condition 

The first choice f o r  an Qptimlzed design was  8 heater feahr:ing a mean gas 

Reynolds nuuiber of 5500. 

number was 70 with a tube inner diameter of 0-693 in. and a tube length of 

69-5 in ,  These dimensions permitted a storage bath w3th a 4.5 f t  dieuneter 

cavity, 

collector shadowing, was  less than 5 f t .  

The number of tubes corresponding t o  t h m  Reynolds 

As a result, t h e  maximum receiver diameter, which determines t h e  mount 0," 

A potentially dangerous problem area was uncovered i n  t h i s  design, however* 

In the final. version of t h e  four  percent design and i n  t h i s  i n i t i d -  version Of 

t he  two percent design, curved tubes are employed t o  permit use of maXimWn 

length tubes f a r  a given cavity diameter, Although the degree of curvature is 

27 



TRw ELECTROMECHANICAL DIVISION 

1' 

THOMPSON R A M 0  WOOLORIDGE INC. I 

slight over most of the tube length, higher degrees of curvature are required 

a t  the inlet  and outlet headers. It has been ascertained from the l i terature  

t h a t  the effect  of t h e  curvature is t o  increase the range of Reynolds numbers 

i n  which laminar and/or transitional flow can occur. 

Reynolds number from laminar t o  turbulent flow l e  inureaeed. 

problem area arises became the two percent deaign tsada t o  obtain optimum 

geometries at a lower gm Reynolds number than the four percent design. 

percent design optimum gse Reynolds nuniber appears t o  be very close t o  the  

trcaneitional Reynold6 n\miber, a highly undesirable situation. 

Thus, the  transit ional 

The potential 

The two 

The aeriateneee of thie  eituation is  i l lustrated in Figure 17. The transit ional 

Reynold6 a e r  defined ae R w  is a Aznation of the  r a t io  of the f low passage 

radius to  the radlus of uurvature. The line shown l e  a plot of the  equation of 

Reference 1, and t he  data igre taken fram Referenceril 2 and 3. Reference 1 indi- 

c a t e ~  t h a t  fo r  a Reynold6 numberaff55OO the c r i t i ca l  traneitional radius ra t io  

is 0.0172. Thw, for the initial two peruent deeign, any radiue ra t io  above 

0.0172 would indicate lrrPrrinnr flow. 

transit ional radius ra t io  is 0,014 for a gas Reynolds nuuber of 5500. 

i n i t i a l  tm, percent design inaioatsd an actual rmliuercrtlo of 0.013, the gae 

flow might be jaet barely turbulent. 

However, Reference 4 indicate8 the  c r i t i c a l  

Since the 

To assess the @tude of the problem, if the initial design were operating in 

lwainnr flow, it waa assurasd that the heater was operating in the  lanlnar regime 

and the resulting heat transfer and pressure drup bakuulated. As expected the 

preeeure drop decreaeed fropl the design value t o  about one-third of the  design 

value, and the Outlet 

aorreagond t o  gas te&pratura increase6 within the  receiver of 504OR and 270%. 

' 

temperature dropped fram 1950% t o  lD6% These veLues 

28 
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It is readily apparent that such a situation could not be tolerated. 

I '  
Therefore, a second deeign w88 initiated. 

8 man Value of 8 1 ~ .  

The Reynolds number was increased t o  

The n-ar of tubes corresponding t o  t h i s  Reynolds 

ntlrmber wwa 30 r l t h  a tube inner diaanster of 1.050 inchea end a tube length of 

113 incherr. 

of ER-5905 ma ie repeated herein BB Figure 18. 

The basic canfigurertion for  both designs wm presented 68 Figwt 12 

List of References 

Ref. 1 - 

Ref. 2 - 

R e f .  3 

Ref.  4 - 

H. 16, Friction Factors for  Turbulent Flw in Curved Pipem, 

Journal of Bscrio Engineering, June 1959. 

Data of TaJTlor tu found in McAdame, Heat Transraission, 

McGmw-Hill Boak C a p a n y ,  Third Edition, 1954, page 151. 

Data of White 88 found in McAdams, Heat Transmission, 

McGm-BXU Book Coxupany, Third Edition, 1954, page 151. 

Formula of Drew 88 found in McAdams, Heat Tran6m.ission, 

McGraw-Eil l  Book C q a n y ,  Third Edition, 1954, page 151. 

ASME Paper No. 58-~~-14 .  

6.4.2 kperture Control h a ~ ~ i e  

During this quarter, the temperature and aperture control mschenisme were 

redesigned t o  obtain more reJ.iability by using s-le linkages and by reducing 

Cavity s u r f a e  teqperattwe l e  controlled by four louvers which when open a l l o w  

reradiation t o  space. The l m r s  are actuated by temperature eeneitive bulbs 

loaated on the cavity surface of the receiver. 

sensors increaees, the preeaure of the  liquid m e t a l  fluid in t he  bulbs lnereases 

As the temperature of the 
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and displaces a pa i r  of bellows on each end of the louvers. 

these bellows can actuate the louvers. 

thereby eliminating the high temperature beasing lubrication problem. 

Either pair  of 

The louvers rotate  on flexural pivots, 

The aperture cover is actuated in the  same manner as the temperature control 

system. 

The mechanical elements f o r  these mechanisms were optimized t o  3taI-n the best 

mechanical arrangement and t o  satisfy the high t eqe ra tu re  and low vacuum 

environments required. 

the springs, bellows, pivots and differential  pressure characteristics of the 

l iqu id  metal bulb actuators. 

conducted t o  insure t h e  required strength and cycle l i f e ,  

w i l l  be based on the resul ts  of the s t ress  analysis and material compatibility 

Kith t h e  working f luid-  

Detailed design was' s tarted on matching spring rates Of 

Stress andys is  of c r i t i c a l  sections is  being 

Material sei-ection 

6.4,3 Cavity Performance And-ysis 

The genera objective of t h i s  portion of t h e  work effor t  is t o  determine the  

performance of the cavity as a receiver and a id  i n  obtaining opthum perfomnance. 

I n  addition, the result ing temperature distributions of t he  inner cavity w a l l ,  

of the l i thium fluoride stc  c-:- rath and of the gas working f luid are t o  be 

evaluated as a function of t i m e  i n  the orbi ta l  period and collector orientation 

t o  the sun. 

The ef for t s  t o  date have been directed t o  a review of existing cavi ty  analyses 

and computerized programs t o  determine the extent of usefulness and adaptability 

t o  the present program objectives. 

integration of the heat transfer mde through the thermal heat storage mater id  

To meet these objectives requires the 
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In the rooelver oevity anaJysla. I n  this manner, the flux and temperature of 

discrete elements of -8 on the receiver cavity surface are detewned by as 

dletribution, 

ktmlytlaal investigation o f  the b a t  transfer chsracterist ics of the l i t h b m  

fluorlde atorage medlum wae init iated and completed for  the freezing of the  

plsdiwm during the shade portion of the orbit, 

on the  Sunflower progrem and ooneists of an electr ic  andog in which the pbysical 

model w~yl reproduced on "!i!eledeltos" electric&. conducting paiper, A voltage 

The method employed wa8 developed 

potential is applied between the source and singlend lbwe of constant potential, 

corresponding t o  ieotherpae, cas be identified. With knowledge of location of an 
1 

iooohern relative t o  the melt line, the position of the melt l ine  at 8am Wter 

time can,be detenainsd beceuee it can be shown t h a t  the distance which the -1% 

line  mw%s is Inversely proportional t o  the loo& distance from the m e l t  l ine  

t o  the beothem, 

Several melt l ine  positions were detennined aa SlluaBrated In  Figures 20 and 21. 

A t  euch melt 1- porition, the electr1ca;l. res is tmcs frcmthe melt lime t o  t h e  

tube w a l l  snd the  amount of l i t h i u m  fluoride frozen -re measured, The electr ical  

resistaaoe c8n be retadily converted t o  (L geemetrical resistance factor. !!!he 

rnSUlt6 8;FB ShWa h 2% 

The fid f'reeee pattern and lithium fluoride volumo tU&z%bution of solid and 

liquid provide the 6 t r r t i ng  point fo r  the electrric analog elmulation of heat 

& d i t % O n  through the inner shell, corresponding t o  the atn portion of the orbit. 

'phis w i l l  be ini t ia ted in t h e  nert reporting period and combined wlth receiver 
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chanaeterlaties t o  &!fine the  ra t io  of heat Input t o  heat abstraction thsough 

the Wbe (u a f’unat$.cn of tlm a d  position in orbit, 

prdblem will be defining the volume distribution of‘ liquid l i thium fluoride 

as the l sh lC progresses beceruse o f  the large 8iffercsarre in &nsit;y between the 

In this phase a major 

liwd d solid phaoaso 

The existing c-uter programtreating the internal dirrtribution of solas fl?ax 

haw been reviewed and ahauges required t o  m a t  the present program objectives 

identlficsslo The present program treats an axially egana;6triu concave chamber 

whose Inhmal wall. temperatures and enuZace properties BSC, giren. 

8 8 8 ~ 1 1 ~ 3 6 1  the radlertion in the aerpity msy be separated into a s d l q  and thermal 

oomponent,and for  each oormponent,absorption and emission a m  Larbertian. The 

radiosity of ea& mne and the  net flux into each zone arcr OWJmed f o r  the solar 

and thermal colnponents amd fo r  the tot& radiation. 

required essentially en ta i l  including the heat tranefer from f i n i t e  surface 

area6 through the l i thium fluoriUe heat storage msdium and the calculation of 

&ace temperatures based upon the net heat exchange, 

cases, a more extensive modification will be required due basically t o  the  

uneJnnanetrical solar flux distribution on the caaty surfaae. 

Prcrvides for the calculation of net exchange factors between symmetrical zones 

of lati tude relative t o  the uptical axle. 

bution w i 3 l  repire, 

ca;lculsetSian of the net exehanga factors between aU. zones. 

The program 

!i!he chtmpa to the pr0ep.m 

For the misorientation 

The current program 

The case o f  unspmetrical flux distri- 

in addition, identification of zone8 of longitude and 
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7.0 CUREiENT PROBLEM AREAS 

The current problem areas are schedule slippages in  two taaks: 

i 

I 

1. 

2. 

Task I1 - The test in furnace number 2 will be delayed s i x  weeks 

because of the requirement to  test three additional W a S p d h Y  

capsules. 

Amendment 4 - The testing of module A was campleted about two weeks 

behind schedule. It is  hoped that a gradual return to schedule can 

be achieved. 

I 

I 

I 
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During t h e  next quarter, the  effort w i l l  be directed tuward t h e  following: 

PLCWMED DIRECTION OF EFFORT FOR THE NMT €&MRTER 

I' 1. 

2. 

3. 

4. 

5. 

6 .  

7. 

Continued examination of the failures encountered i n  Task  11. 

Continuation of f'urnace test no. 1 i n  Task  111. 

Ini t ia t ion of furnace t e s t  no. 2 i n  Task  111. 

Continuation of t h e  sma3.l scale experiments under Amendment 4. 

Completion of the two percent gas pressure drop cavity receiver 

design layout under Task  IV. 

Continuation of the cavity temperature distribution calculations 

under Task  IV. 

Completion of t h e  aperture control design analysis under Task  IV. 

34 
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RDM A418 250x 

BOTTOM OF CAPSULE 

RDM A419 25 ox 

Photomicrographs of t h e  Specimens Removed from 
Haynes Alloy No. 25 Capsule No. 16. 

Etchant: H202 + HC1 
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FIGURE 3 
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RDM A422 250x 

TOP CAP= 

RDM A421 250x 

BOTTOM OF CAPSULE 

Photomicrographs of Specimens Removed from 
TD Nicke l  Capsule No. 19. 

FIGURE 4 Etchant: l@ Ammonium P e r s u l f a t e  
1% Potassium Cyanide 
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250 x RDM A671 

Etchant:  None 

Etchant:  E l e c t r o m i c  
10% Oxalic Acid 

Photomicrographs of t h e  Specimen Removed from 
t h e  Bottom of Hastel loy X Capsule No. 24. 

39 
FIGURE 5 
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R D M  A673 250 x 
Etchant: None 

RDM Ab27 250 x 
Etchant:  E l e c t r o l y t i c  

10% Oxalic 

Photomicrographs of t h e  Specimen Removed from 
t h e  Bottom of Haynes Alloy No. 56 Capsule 25. 
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FIGURE 6 
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RDM A677 250 x 
Etchant: None 

RDM Ah29 250 x 
Etchant:  E l e c t r o l y t i c  

10% Oxalic Acid 

Photomicrographs o f  t h e  Specimen Removed from 
t h e  Bottom of Hastel loy N Capsule No. 30. FIGURE 7 
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Photomicrographs of t h e  Specimen Removed from 
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